TITLE OP THE INVENTION 

CONTROL SYSTEM AND METHOD 

BACKGROUND OF THE INVENTION 

The present invention relates generally to a control 
system and a control method as well as to a control state 
judgment device and a control state judgment method. More 
particularly, the invention pertains to a system and a 
method which can offer an increased accuracy in detecting an 
oscillating state in feedback control operation. 

A situation occasionally experienced in feedback 
control operation is oscillation of a controlled system, or 
subject, in which a deviation of a quantity to be controlled 
from a target value thereof cyclically increases and 
decreases in a regular pattern. It is desirable to instantly 
detect such an oscillating state and vary appropriate 
control parameters in a manner suitable for the situation. 

When the controlled subject is subjected to cyclically 
occurring external disturbances, the deviation of the 
controlled quantity from the target value oscillates 
(repetitively increases and decreases) in a regular pattern. 
In the presence of such oscillation, it is difficult to 
distinguish between the oscillation caused by the 
disturbances and ordinairy oscillation caused by the feedback 
control operation. In a process of controlling the heading 
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of a ship, for example, it is difficult to distinguish 
between an oscillating state caused by feedback control 
operation and an oscillating state caused by the influence 
of such external disturbances as cyclical rises and falls of 
ocean waves. Although it might be possible to distinguish 
between two kinds of oscillation based on whether the 
amplitude of periodic changes in the controlled quantity 
exceeds a preset threshold or not, the value of the 
threshold to be preset greatly varies with the type and 
nature of the controlled subject and seriousness of 
disturbances, so that this threshold approach imposes a 
great deal of difficulty in designing a control system. 

SUMMARY OF THE INVENTION 

The present invention is intended to overcome the 
aforementioned problem of the prior art. Accordingly, it is 
an object of the present invention to provide a control 
system and a control method which make it possible to 
properly control a subject to be controlled according to a 
current situation thereof whether the controlled subject is 
in an oscillating state caused by cyclically occurring 
external disturbances or in an oscillating state caused by 
ordinary control operation regardless of the type of the 
controlled subject and the nature of the disturbances. 

It is another object of the present invention to 
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provide a control state judgment device and a control state 
judgment method which make it possible to properly 
distinguish between an oscillating state caused by 
cyclically occurring external disturbances and an 
oscillating state caused by ordinary control operation 
regardless of the type of a subject to be controlled and the 
nature of the disturbances. 

A control system of the invention for regulating a 
quantity to be controlled based on a deviation of the 
controlled quantity from a target value thereof and control 
parameters includes a behavior feature value detector, a 
variation calculator and a control parameter updator. The 
behavior feature value detector detects the period or 
frequency of behaviors of a specific kind performed by a 
subject to be controlled. The variation calculator 
calculates the amount of variations in the aforementioned 
period or frequency. The control parameter updator updates 
the value of at least one of the control parameters based on 
the amount of the aforementioned variations. 

A control method of the invention for regulating a 
quantity to be controlled based on a deviation of the 
controlled quantity from a target value thereof and control 
parameters includes a behavior feature value detecting step, 
a variation calculating step and a control parameter 
updating step. The behavior feature value detecting step 
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detects the period or frequency of behaviors of a specific 
kind performed by a siibject to be controlled. The variation 
calculating step calculates the amount of variations in the 
aforementioned period or frequency. The control parameter 
updating step updates the value of at least one of the 
control parameters based on the amount of the aforementioned 
variations . 

Generally, variations in a controlled quantity caused 
by cyclically occurring external disturbances are less 
"periodic" as compared to variations in the controlled 
quantity caused by oscillation thereof. According to the 
invention, the control system and the method used therein 
detect the period or frequency of behaviors of the 
controlled subject and vary the control parameters based on 
the amount of variations in the period or frequency of the 
behaviors, so that it is possible to properly control the 
subject even when the same is subjected to the influence of 
cyclically occurring external disturbances or oscillation of 
the controlled quantity. 

In one feature of the invention, the control parameter 
updator decreases the value of a proportional control 
coefficient which constitutes one of the control parameters 
according to the amplitude of the controlled quantity when 
the amount of the aforementioned variations is smaller than 
a specific threshold value. This makes it possible to 
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improve oscillating conditions caused by oscillation of the 
controlled quantity. 

In another feature of the invention, the control 
parameter updator increases the value of a proportional 
control coefficient which constitutes one of the control 
parameters according to the magnitude of the deviation when 
the amount of the aforementioned variations is equal to or 
larger than a specific threshold value. In this form of the 
control system and method, the value of the proportional 
control coefficient may be increased only when the amount of 
the aforementioned variations is equal to or larger than the 
specific threshold value and the aforementioned deviation is 
equal to or larger than a specific value. Alternatively, the 
value of the proportional control coefficient may be 
increased by an amount corresponding to the magnitude of the 
aforementioned deviation. These alternative approaches make 
it possible to reduce the influence of external disturbances. 

In another feature of the invention, the control 
parameter updator decreases the value of a differential 
control coefficient which constitutes one of the control 
parameters when the amount of the aforementioned variations 
is equal to or larger than the specific threshold value. 
This makes it possible to swiftly reduce the influence of 
external disturbances. 

In another feature of the invention, the variation 
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calculator calculates the amount of the aforementioned 
variations based on a standard deviation of the periods or 
frequencies of a specific number of the latest behaviors. 
This makes it possible to properly reflect a current control 
state in controlling the subject. 

In still another feature of the invention, the control 
system further includes a behavior detector for successively 
determining a time range of each behavior of the specific 
kind performed by the controlled subject based on the 
control parameters . The behavior feature value detector 
detects the aforementioned period or frequency of the 
behaviors of the specific kind based on the time range. In 
the control system thus constructed, the behavior detector 
may determine timings at which the controlled quantity takes 
extrema as being a start timing and an end timing of the 
time range of each behavior. This arrangement makes it 
possible to easily detect cyclical behaviors of the 
controlled subject. 

In a further feature of the invention, the controlled 
subject is a ship, the controlled quantity is the ship's 
heading, and the control system controls a steering device 
onboard the ship. The control system, if applied to a ship, 
can properly control the steering device of the ship. 

A control state judgment device used in a control 
system of the invention for regulating a quantity to be 
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controlled based on a deviation of the controlled quantity 
from a target value thereof and control parameters includes 
a behavior feature value detector, a variation calculator 
and a control state judgment section. The behavior feature 
value detector detects the period or frequency of behaviors 
of a specific kind performed by a subject to be controlled. 
The variation calculator calculates the amount of variations 
in the aforementioned period or frequency. The control state 
judgment section updates a control state of the controlled 
subject based on the amount of the aforementioned variations. 

A control state judgment method used in a control 
system of the invention for regulating a quantity to be 
controlled based on a deviation of the controlled quantity 
from a target value thereof and control parameters includes 
a behavior feature value detecting step, a behavior feature 
value detecting step and a control state judgment step. The 
behavior feature value detecting step of detecting the 
period or frequency of behaviors of a specific kind 
performed by a subject to be controlled. The variation 
calculating step of calculating the amount of variations in 
the aforementioned period or frequency. The control state 
judgment step of determining a control state of the 
controlled subject based on the amount of the aforementioned 
variations . 

As already mentioned, variations in a controlled 
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quantity caused by cyclically occurring external 
disturbances are less "periodic" as compared to variations 
in the controlled quantity caused by oscillation thereof. 
According to the invention, the control state judgment 
device and the method used therein detect the period or 
frequency of behaviors of the controlled subject and judges 
the control state of the controlled subject based on the 
amount of variations in the aforementioned period or 
frequency, so that it is possible to properly judge the 
control state by distinguishing between the variations in 
the controlled quantity caused by cyclically occurring 
external disturbances and the variations in the controlled 
quantity caused by oscillation thereof. 

Other features and advantages of the invention will be 
more readily understood from the following detailed 
description of a specific embodiment thereof when read in 
conjunction with accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram showing the configuration of 
an automatic steering control system according to a 
preferred embodiment of the invention; 

FIG. 2 is a block diagram showing the configuration of 
a steering amount calculator; 

FIG. 3 is a diagram illustrating operation performed by 
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a deadband processor; 

FIG. 4 is a block diagram showing the configuration of 
a control parameter calculator; 

FIG. 5 is a diagram showing how a deviation of a ship's 
true heading from an intended course varies with time; 

FIG. 6 is a diagram showing how the deviation and a 
first-order differential thereof vary during one ship 
behavior; 

FIG. 7 is a diagram showing a content of data stored in 
a behavior feature value memory; 

FIGS. 8A, 8B, 8C are diagrams showing fuzzy inference 
data used for evaluating the value of an oscillation index 
by fuzzy inference; 

FIGS. 9A, 9B, 9C are diagrams showing fuzzy inference 
data used for evaluating the value of a disturbance index by 
fuzzy inference; 

FIGS. lOA and lOB are diagrams showing fuzzy inference 
data used for evaluating the value of a gain shortage index 
by fuzzy inference; and 

. FIG. 11 is a flowchart showing an operating sequence of 
the automatic steering control system of the embodiment. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENT OF THE INVENTION 

The invention is now described in detail, by way of 
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example, with reference to a preferred embodiment thereof 
illustrated in the accompanying drawings. 

FIG. 1 is a block diagram showing the configuration of 
an automatic steering control system 10 according to the 
preferred embodiment of the invention. Installed on a ship 
(subject to be controlled) , the automatic steering control 
system 10 includes a course setter 12, a heading sensor 14, 
a rudder angle sensor 15, a steering unit 16, adders 18, 24, 
a control parameter calculator 20, a steering amount 
calculator 22 and a deadband processor 26 as shown in FIG. 1. 
The automatic steering control system 10 controls the 
heading of the ship by automatically operating the steering 
unit 16. 

The course setter 12 outputs information on an intended 
course Go (target value) of the ship. The intended course Go 
may be manually set by a course setting knob or given 
through mathematical operation by conventional navigation 
equipment onboard including a satellite positioning system, 
for example. The intended course Go is the intended 
direction of motion of the ship expressed in degrees (0° to 
3 6 0^) as measured clockwise from true north. The output of 
the course setter 12 (Go) delivered to the adder 18 is 
assigned a negative sign. 

The heading sensor 14 outputs information on a current 
heading G (controlled quantity) of the ship. The heading G 
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of the ship, also expressed in degrees (0° to 360°) as 
measured clockwise from true north, is delivered to the 
adder 18 and the control parameter calculator 20. The 
heading 0 may be output through a low-pass filter provided 
in the heading sensor 14, for example, or an output of the 
adder 18 may be passed through a low-pass filter. 

The steering unit 16 is conventional onboard equipment 
including a rudder driver for driving a rudder of the ship 
by means of a hydraulic pump and a cylinder, for example, 
and a rudder controller for matching a true rudder angle 
with a demanded rudder angle. The rudder angle sensor 15 
connected to the steering unit 16 outputs a current rudder 
angle, that is, the true rudder angle 6r, which is fed into 
the adder 24 and the deadband processor 26. As the demanded 
rudder angle (5r + 5d) is entered from the deadband processor 
26 into the steering unit 16, the steering unit 16 varies 
the true rudder angle 5r so that the true rudder angle 8r 
matches the demanded rudder angle (5r + 5d) . 

The adder 18 calculates a deviation of the current 
heading 9 of the ship output from the heading sensor 14 from 
the intended course Go output from the course setter 12 and 
supplies this deviation to the steering amount calculator 22. 
The deviation (9 - 9o) output from the adder 18 is normalized 
so that the value of the deviation lies within a range of 0° 
+ 180°. 
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The steering amoiint calculator 22, to which the output 
of the adder 18 and an output of the control parameter 
calculator 20 are supplied, is conventionally known control 
means which performs proportional-plus-integral-plus- 
derivative (PID) control action. The steering amount 
calculator 22 calculates an amount of steering 5pid from the 
deviation (9 - Go) normalized to the range of 0° ± 180° based 
on control parameters including a proportional coefficient 
(proportional control coefficient) KP, an integral 
coefficient (integral control coefficient) KI and a 
differential coefficient (differential control coefficient) 
KD. The steering amount calculator 22 may be configured by 
hardware alone or by a computer and a software program 
executed by the computer. Specifically, the steering amount 
calculator 22 of this embodiment includes an integrator 30, 
a differentiator 36, coefficient amplifiers 32, 34, 38 and 
an adder 40 as shown in FIG. 2. In the steering amount 
calculator 22 thus configured, the integrator 30 integrates 
the deviation (6 - 9o) output from the adder 18 and the 
coefficient amplifier 32 multiplies the result of 
integration by the integral coefficient KI . At the same time, 
the coefficient amplifier 34 multiplies the deviation (9 - 
9o) by the proportional coefficient KP. Also, the 
differentiator 36 differentiates the deviation (9 - 9o) and 
the coefficient amplifier 38 multiplies the result of 
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differentiation by the differential coefficient KD. The 
results of these calculations are input into the adder 40, 
which outputs the sum of the input calculation results as 
the steering amount 5pid. The integral coefficient KI, the 
proportional coefficient KP and the differential coefficient 
KD are supplied to the coefficient amplifier 32, the 
coefficient amplifier 34 and the differentiator 36, 
respectively, and the coefficient amplifier 32, the 
coefficient amplifier 34 and the differentiator 36 store 
values of the respective coefficients KI, KP, KD. 

The steering amount 6pid thus calculated is supplied to 
the adder 24, As the true rudder angle 5r assigned a 
negative sign output from the rudder angle sensor 15 is also 
supplied to the adder 24, the adder 24 calculates a 
difference between the steering amount 6pid and the true 
rudder angle 5r. The result of this calculation is supplied 
to the deadband processor 26. 

When the absolute value of the difference between the 
steering amount 5pid and the true rudder angle 5r input from 
the adder 24 is smaller than a specific value DB, the 
deadband processor 26 sets an internal value 5d to zero. 
When the absolute value of the difference between the 
steering amount 5pid and the true rudder angle 5r input from 
the adder 24 is equal to or larger than the specific value 
DB, on the other hand, the deadband processor 26 uses the 
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input difference value as the internal value 5d for further 
processing. The true rudder angle 5r is also input from the 
rudder angle sensor 15 into the deadband processor 26. The 
deadband processor 26 calculates the sum of the true rudder 
angle 6r and the internal value 5d and outputs the sum to the 
steering unit 16. A dead band of the deadband processor 26 
in which the demanded rudder angle (6r + 5d) is not affected 
by the output of the steering amount calculator 22 (i.e., 
the steering amount Spid) is set in the aforementioned manner. 
The deadband processor 26 may also be configured by hardware 
alone or by a computer and a software program executed by 
the computer. There is a relationship shown in FIG. 3 
between the input value (Spid - 5r) and the internal value 8d 
of the deadband processor 26. The aforementioned specific 
value DB is supplied from the control parameter calculator 
20 to the deadband processor 26. 

The control parameter calculator 20 determines the 
control parameters (proportional coefficient KP, integral 
coefficient KI and differential coefficient KD) used by the 
steering amount calculator 22 for calculating the steering 
amoimt Spid. The deviation (9 - 9o) of the ship's current 
heading 9 from the intended course 9o is fed into the control 
parameter calculator 20. The control parameter calculator 20 
determines the control parameters based on this input data. 
Again, the steering amount calculator 22 may be configured 
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by hardware alone or by a computer and a software program 
executed by the computer. 

Specifically, the control parameter calculator 20 of 
this embodiment includes a behavior detector 52, a behavior 
feature value calculator 56 and a control parameter setter 
62 as shown in FIG. 4, in which the behavior feature value 
calculator 56 includes a behavior feature value memory 55 
and a basic state judgment data calculator 57 and the 
control parameter setter 62 includes a control state 
judgment section 63. A control state judgment device of the 
automatic steering control system 10 is formed with this 
configuration of the control parameter calculator 20. 

The deviation (9 - Go) output from the adder 18 is input 
into the behavior detector 52 as illustrated. Based on this 
input, the behavior detector 52 successively determines 
times at which the ship exhibits a specific behavior pattern, 
that is, a motion of the ship's head in a horizontal plane 
(yawing) from a point in time at which the deviation (0 - Go) 
of the ship takes a maximal value to a point in time at 
which the deviation (G - Go) takes another maximal value. 

As an example, the behavior detector 52 sequentially 
calculates, based on values of the deviation (G - Go) that 
are sequentially input, a difference between a latest 
deviation (G - Go) and an immediately preceding deviation (G 
- Go) , and judges that a point in time at which this 
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difference varies from a positive value to a negative value 
is a timing at which the ship's heading 0, which is the 
controlled quantity, takes a maximal value. At the same time, 
the behavior detector 52 judges that this point in time is 
an end timing of a preceding behavior of the ship and is 
also a start timing of a succeeding behavior of the ship. 
More particularly, the deviation (9 - 9o) output from the 
adder 18 repetitively increases and decreases under ordinary 
situations as shown in FIG. 5. The behavior detector 52 
detects every point in time at which the deviation (6 - 0o) 
takes a maximal value, or at which the ship's heading 9 
takes a maximal value, in a yawing pattern of the ship shown 
by a waveform in FIG. 5 and supplies information on such a 
point in time to the behavior feature value calculator 56 as 
an end timing of a particular behavior of the ship and as a 
start timing of a succeeding behavior of the ship. In an 
alternative form of the embodiment, the behavior detector 52 
may determine the start timing and the end timing of each 
behavior of the ship based on a point in time at which the 
ship * s heading 9 takes a minimal value or at which the plus 
and minus signs of a second-order differential are reversed. 

The start timing and the end timing of each ship 
behavior (yawing cycle) are sequentially supplied from the 
behavior detector 52 to the behavior feature value 
calculator 56, while the deviation (9 - 9o) output from the 
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adder 18 is sequentially supplied to the behavior feature 
value calculator 56 . The behavior feature value calculator 
56 has a memory which stores the deviation (9 - Go) in at 
least one behavior of the ship. The behavior feature value 
calculator 56 calculates values of behavior features based 
on the deviation (6 - Go) supplied from the adder 18 during a 
time duration of each successive ship behavior. As an 
alternative, the behavior feature value calculator 56 may 
calculate the values of behavior features without the 
provision of the memory. 

In this embodiment, the behavior feature value 
calculator 56 calculates an average Gc of values of the 
deviation (G - Go) acquired during one behavior cycle, an 
average (Oc of values of first -order differential CO of the 
deviation (G - Go) acquired during one behavior cycle, a 
difference AG between maximum and minimum values of the 
deviation (G - Go) acquired during one behavior cycle, a 
difference Aco between maximum and minimum values of the 
first-order differential values CO of the deviation (G - Go) 
acquired during one behavior cycle, a product S of the 
values of AG and Aco, a period T of ship behavior (yawing 
cycle, or behavior period) and elapsed time from the start 
timing to the end timing of each ship behavior as the values 
of features of each successive ship behavior. FIG. 6 is a 
diagram showing the deviation (G - Go) observed during a 
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particular ship behavior in a phase plane of which 
horizontal axis represents the deviation (9 - Go) and 
vertical axis represents the first-order differential CO of 
the deviation (9 - 9o) . The behavior feature value 
calculator 56 calculates the values of 9c, coc, A9, Aco and S 
shown in FIG. 6 as the feature values of each successive 
ship behavior. The behavior feature value calculator 56 also 
calculates the ship's behavior period T. 

The individual feature values thus calculated are 
stored in the behavior feature value memory 55. More 
specifically, the behavior feature value memory 55 stores 
ship behavior feature values, particularly the behavior 
period T, the product S of the values of A9 and Aco and the 
square of 9c, for a specific number of the latest behavior 
cycles (e.g., 5 cycles) as shown in FIG. 7. The basic state 
judgment data calculator 57 calculates basic state judgment 
data for each successive behavior cycle of the ship based on 
a content of data stored in the behavior feature value 
memory 55. The basic state judgment data includes an average 
value S_AVE of behavior (yawing) areas, a maximum value 
S_MAX of the behavior areas, a root mean square DV_CONT_RMS 
of angular deviations of a center of the ship's behavior 
(yawing) and a standard deviation T_SD of behavior periods T. 
These pieces of the basic state judgment data are supplied 
to the control parameter setter 62. Here, the "behavior 
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area" means the product S of the values of A9 and Aco. 

The average value S_AVE is an average of the behavior 
areas S in the aforementioned specific number of the latest 
behavior cycles stored in the behavior feature value memory 
55. The average value S_AVE is given by equation (1) below: 

S_AVE = Zsi/5 (1) 

where the symbol 2 represents the sum of five values of a 
particular parameter and i is any of numbers 1 through 5. 
(This also applies to the following discussion in this 
Specification. ) 

Also, the maximum value S_MAX is the maximum value of 
the behavior areas S in the aforementioned specific number 
of the latest behavior cycles stored in the behavior feature 
value memory 55 . The maximum value S_MAX is given by 
equation (2) below: 

S_MAX = MAX(S1, S2, S3, 84, S5) (2) 

The root mean square Dy_CONT_RMS of the angular 
deviations of the center of the ship's behavior (yawing) is 
the square root of the average of the squares of the 
averages 6c of the deviations (0 - Go) in the aforementioned 
specific number of the latest behavior cycles. The root mean 
square DV_CONT_RMS is given by equation (3) below: 

DV_CONT_RMS = SQRT{i:eci2/5 } (3) 

where SQRT stands for the root mean square . 

The standard deviation T SD is the standard deviation 
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of the behavior periods T in the aforementioned specific 
number of the latest behavior cycles. The standard deviation 
T_SD, which may be normalized depending on the . amplitude of 
the ship's behavior, is given by equation (4) below: 

T_SD = X(Ti - Tave)2/5 (4) 

where Tave (= ZTi/5) is the average of the behavior periods 
T in the aforementioned specific number of the latest 
behavior cycles . 

The control parameter setter 62 including the control 
state judgment section 63 judges a current state of control 
(control state) , determines the aforementioned control 
parameters (KP, KI, KD) based on the result of this judgment, 
and supplies the control parameters (KP, KI, KD) to the 
steering amount calculator 22. More specifically, the 
control state judgment section 63 calculates an oscillation 
index, a disturbance index and a gain shortage index for a 
current behavior of the ship based on the basic state 
judgment data supplied from the behavior feature value 
calculator 56, and judges the current control state of the 
ship based on the indices. Then, the control parameter 
setter 62 determines the control parameters (KP, KI, KD) 
based on the judgment result and supplies the control 
parameters (KP, KI, KD) to the steering amoiont calculator 22. 

The control state judgment section 63 stores fuzzy 
inference data shown in FIGS. 8A, 8B, 8C, 9A, 9B, 9C, lOA 
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and lOB and calculates the aforementioned indices based on 
the fuzzy inference data. 

First, the control state judgment section 63 determines 
if the average value S_AVE of the behavior areas S is large, 
medium or small referring to a membership function shown in 
FIG. 8B. Also, the control state judgment section 63 
determines if the standard deviation T_SD of the behavior 
periods T is large, medium or small referring to a 
membership function shown in FIG. 8C. Then, examining the 
results of these judgments with reference to FIG. 8A, the 
control state judgment section 63 determines if the 
oscillation index is large, small or nonexistent. 
Specifically, the control state judgment section 63 
determines if the oscillation index of the current behavior 
of the ship is large, small or nonexistent based on the 
average value S_AVE of the behavior areas S and the standard 
deviation T_SD of the behavior periods T. Here, the 
oscillation index indicates how much an oscillating state of 
the current ship behavior, if any, is caused by ordinary 
control operation . 

Similarly, the control state judgment section 63 
detexTTiines - if the maximum value S_MAX of the behavior areas 
S is large, medium or small referring to a membership 
function shown in FIG. 9B. Also, the control state judgment 
section 63 determines if the standard deviation T SD of the 
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behavior periods T is large, medium or small referring to a 
membership function shown in FIG. 9C. Then, examining the 
results of these judgments with reference to FIG. 9A, the 
control state judgment section 63 determines if the 
disturbance index is large, small or nonexistent. 
Specifically, the control state judgment section 63 
determines if the disturbance index of the current behavior 
of the ship is large, small or nonexistent based on the 
average value S_AVE of the behavior areas S and the standard 
deviation T__SD of the behavior periods T. Here, the 
disturbance index indicates how much an oscillating state of 
the current ship behavior, if any, is caused by external 
disturbances . 

Further, the control state judgment section 63 
determines if the root mean square DV_CONT_RMS of the 
angular deviations of the center of the ship's behavior 
(yawing) is large, medium or small referring to a membership 
function shown in FIG. lOB. Then, examining the result of 
this judgment with reference to FIG. lOA, the control state 
judgment section 63 determines if the gain shortage index is 
large or nonexistent. Specifically, the control state 
judgment section 63 determines if the gain shortage index of 
the current behavior of the ship is large or nonexistent 
based on the root mean square DV_CONT_RMS of the angular 
deviations of the center of the ship's behavior. Here, the 



-22- 



gain shortage index indicates how much an oscillating state 
of the current ship behavior, if any, results from a 
shortage of gain. 

Subsequently, the control parameter setter 62 
determines the control parameters (KP, KI, KD) based on the 
aforementioned judgment result obtained by the control state 
judgment section 63. Specifically, the control parameter 
setter 62 infers that the ship (controlled subject) is in a 
meandering (oscillating) condition (first maneuvering state) 
if the oscillation index is judged to be large. In this 
condition, the control parameter setter 62 decreases the 
value of the proportional coefficient KP, among the 
aforementioned control parameters (KP, KI, KD) . If necessary, 
the control parameter setter 62 may vary the values of the 
other control parameters (KI, KD) . The amount of decrease of 
the proportional - coefficient KP may be a fixed amount or 
determined each time according to the seriousness of 
oscillation based on the average value S_AVE of the behavior 
areas S, for example. 

Also, if the disturbance index is judged to be large in 
a case where the ship is not in the first maneuvering state, 
the control parameter setter 62 infers that the ship is in a 
stormy condition (second maneuvering state) . In this 
condition, the control parameter setter 62 increases the 
value of the proportional coefficient KP and decreases the 
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differential control coefficient KD, among the 

aforementioned control parameters (KP, KI, KD) . If necessary, 
the control parameter setter 62 may vary the value of the 
other control parameter (KI) . The amount of increase of the 
proportional coefficient KP and the amount of decrease of 
the differential control coefficient KD may be fixed amounts 
or determined each time according to the seriousness of the 
stormy condition, such as the magnitude of the deviation 
(e.g., the maximum value S_MAX of the behavior areas S) . 

Further, if the gain shortage index is judged to be 
large in a case where the ship is in neither the first 
maneuvering state nor the second maneuvering state, the 
control parameter setter 62 infers that the ship is in a 
deviating condition (third maneuvering state) . In this 
condition, the control parameter setter 62 increases the 
value of the proportional coefficient KP, among the 
aforementioned control parameters (KP, KI, KD) . If necessary, 
the control parameter setter 62 may vary the value of the 
other control parameters (KI, KD) . The amount of increase of 
the proportional coefficient KP may be a fixed amount or 
determined each time according to the seriousness of gain 
shortage based on the root mean square DV_CONT_RMS of the 
angular deviations of the center of the ship's behavior, for 
example . 

It is possible to achieve a stable ship maneuvering 



-24- 



situation by setting the values of the control parameters 
(KP, KI, KD) according to maneuvering conditions in the 
aforementioned manner. 

Operation of the automatic steering control system 10 
of the present embodiment is now described in a step-by- step 
fashion referring to FIG. 11, which is a flowchart showing 
an . operating sequence of the automatic steering control 
system 10 . 

In the automatic steering control system 10 of the 
embodiment, initial values of the control parameters 
(proportional coefficient KPo, integral coefficient KIo and 
differential coefficient KDo) are supplied to the steering 
amount calculator 22, and the steering unit 16 is controlled 
by using these initial values of the control parameters at 
the beginning during a first behavior (yawing) cycle (step 
SlOl) . The behavior detector 52 monitors and detects the end 
timing of each successive behavior of the ship (step S102) . 
When the behavior detector 52 detects the end timing of a 
behavior, the behavior detector 52 supplies information on 
the end timing of the behavior to the behavior feature value 
calculator 56, whereby the behavior feature value calculator 
56 calculates behavior feature values (0c, coc,. A6, Aco, S, T, 
ec2) (step S103) . 

Part of the behavior feature values thus calculated is 
stored in the behavior feature value memory 55. Next, the 
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basic state judgment data calculator 57 calculates the 
individual pieces of the basic state judgment data (S_AVE, 
S_MAX, DV_CONT_RMS, T_SD) based on the content of data 
stored in the behavior feature value memory 55 (step S104) . 
The basic state judgment data thus calculated is supplied to 
the control parameter setter 62 . 

Subsequently, the control state judgment section 63 of 
the control parameter setter 62 acquires the individual 
indices (oscillation index, gain shortage index, disturbance 
index) based on the basic state judgment data (step S105) , 
and determines the control state of the ship (first 
maneuvering state, second maneuvering state, third 
maneuvering state, or else) (step S106) . Then, the control 
parameter setter 62 determines values of the control 
parameters based on the judgment result in step SI 06 (step 
S107) . The automatic steering control system 10 then returns 
to step SlOl and controls the steering unit 16 using the 
control parameters obtained in step S107 during a succeeding 
behavior cycle of the ship. 

According to the automatic steering control system 10 
of the embodiment so far discussed, it is possible to 
maneuver the ship in a stable fashion when the deviation of 
the ship's current heading 6 (controlled quantity) from the 
intended course 6o (target value) repetitively increases and 
decreases. This is achieved by judging the current control 
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state (maneuvering situation) of the ship based on a 
regularity (pattern) of repetitive increases and decreases 

(variations) in the deviation and properly setting the 
control parameters based on the judgment result. 

The invention being thus described, it will be obvious 
that the invention is not limited to the foregoing 
embodiment but may be varied in many ways. For example, the 
regularity (pattern) of periodical increases and decreases 

(variations) in the controlled quantity need not necessarily 
be evaluated based on the behavior period and standard 
deviation but may be evaluated based on the frequency of 
variations in the controlled quantity. While the foregoing 
discussion has illustrated one preferred embodiment in which 
the invention is applied to judging the current control 
state of the ship and controlling the steering unit thereof, 
the same is applicable also to other mobile units, as well 
as other types of controlled systems. Furthermore, the 
invention is applicable to controlling not only the 
direction of motion of a mobile unit but also the attitude 
or moving speed thereof. Moreover, the invention is 
applicable to controlling riot only the motion of the mobile 
unit but also a physical quantity, such as temperature or 
density. 
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